The present research examines the unsteady isothermal ow of a gas through a semi-innite micro-nano porous medium, a nonlinear boundary value problem on semi-innite interval. This problem is solved by two dierent methods and compare their results with solution of other methods is compared. Also through the convergence of these methods, the accurate initial slope y(x) with good capturing the essential behavior of y(x) is obtained.
There are many problems in science and engineering arising in unbounded domains which can be modeled by singular and nonsingular boundary value problems. The application of these problems involves chemical kinetics, astrophysics, experimental and mathematical physics, nuclear charge in heavy atoms, thermal behavior of a spherical cloud of gas, thermodynamics, population models, uid mechanics and many other topics. Several techniques including decomposition, variational iteration, nite dierence, polynomial spline, homotopy analysis method, and shooting methods have been developed for solving such problems.
Gassolid processes like adsorption, are used in the chemical industries to separate solutes from a uid stream. Transport phenomena and diusion in micro--nano porous materials have attracted the researchers' attention for a long time. The modeling of gas ow through a porous media is quite valuable because of its importance in investigating gas-solid processes. The ow of gas through a semi-innite porous medium initially lls with gas at a uniform pressure P 0 > 0, at time t = 0, the pressure on the outow face is suddenly reduced from P 0 to P 1 ≥ 0 (P 1 = 0 in the case of diusion into a vacuum) and thereafter, maintained at this lower pressure. The unsteady ow of gas in a porous medium is modeled by a nonlinear partial dierential equation [13] as follows:
where P is the pressure within porous medium, Φ is the porosity, µ is the viscosity, k is the permeability and t is the time.
In the one-dimensional medium extending from z = 0 to z = ∞, Eq. (1) reduces to * e-mail: abbasbandy@yahoo.com ∂ ∂z
with the boundary conditions
Now, by using the new independent variable [4] :
and the dimension-free variable y, dened by
where A = Φµ/k and α = 1 −
, a similarity solution is obtained. In terms of these variables, the problem takes the form (unsteady gas equation)
The typical boundary conditions imposed by the physical properties are
A substantial amount of numerical and analytical work has been invested so far on this model [13] . The major drawback of these methods is huge computational work. This problem (5) was handled by Kidder [2] . Also a perturbation technique is carried out to include terms of second order, and the convergence of the obtained expansion is guaranteed through physical properties of y(x), and it is shown that the complexity of the calculations increases rapidly with increasing order of the terms. Wazwaz [5] proposed modied Adomian decomposition method, and et al. [7] solved this problem by using pseudospectral method with rational Chebyshev and modied generalized Laguerre functions. Taghavi et al. [8] solved it by Lagrangian method based on modied generalized Laguerre functions. Khan et al. [9] used modied Laplace decomposition method (MLDM) coupled with Padé approximation technique to solve this equation. Mohyud Din et al. [10] applied the coupling of He's polynomials to the correct functional of variational iteration method to solve the problem (5) . This equation has been recently considered by Rezaei et al. [11] with the orthogonal rational Legendre and Sinc functions with using pseudospectral method.
In this paper most of the obtained results of y ′ (0) are the same, because the researcher used Padé approximation methods with dierent functions. See Table I to compare obtained results. In this table, N is the degree of orthogonal polynomial used in the method and MGLFM, RCM, MGL, SINC and RLP are the abbreviation for modied generalized Laguerre function method, rational Chebyshev method, modied generalized Laguerre function method, pseudospectral method based on sinc function, and rational Legendre pseudospectral method, respectively. More results can be found for other values of α in the mentioned papers. Parand [7] MGLFM (N = 6) −1.36417503
Taghavi [8] MGL (N = 6) −1.37310852
Padé [3/3] −1.025529704
Rezaei [11] SINC (N = 6) −1.188228002
It will be shown that the obtained results by Rezaei et al. [11] are more accurate than others. The aim of this paper is to obtain more accurate results by using two dierent approaches which are implicit nite-dierence scheme known as the Keller-box method [12, 13] and the shooting method [13] .
Solution procedures

Finite-dierence method
To solve the dierential Eq. (5) which is subject to boundary conditions (6), the rst Eq. (5) is converted into a system of two rst-order equations, and the dierence equations are then expressed by using central differences. For this purpose, the new dependent variable w(x) is introduced, so that Eq. (5) can be written as
Now, by using the Taylor series expansion of
, Eq. (8) is changed to
where m is an arbitrary constant natural number and
, and so on. Now, we consider the segment x j−1 x j , which is dened as:
where h j is ∆x-spacing and j = 0, 1, . . . , J is a sequence number that indicates the coordinate location. In the Keller-box method, the nite-dierence approximations to the ordinary dierential Eqs. (7) and (9) are written for the midpoint x j−1/2 of the segment x j−1 x j for j = 1, 2, . . . , J as
The transformed boundary layer thickness x J is suciently large, so that it is beyond the edge of the boundary layer. The boundary conditions are
Now by Newton's method, the nonlinear system is linearized (11), (12) and then, the obtained linearized difference equations can be solved by the block-elimination method as outlined by [3, 13] , since the obtained system has block-tridiagonal structure. The obtained results for linear initial prole and stop criterion 10 −8 on y ′ (0) with h j = h and x ∞ = hJ are shown in Table II . Table III shows the values of y(x) by using perturbation technique [2] , and Padé [3/3] [5] for α = 0.5. Table IV shows that the initial slope y ′ (0) increases with the increase of α. 
Shooting method
The non-linear ordinary dierential Eq. (5) together with the boundary conditions (6) are solved numerically using NachtsheimSwigert shooting iteration technique [14] (guessing the missing value) along with explicit RungeKutta initial value solver with stiness detection capability by Mathematica Software.
As we know, in a shooting method, the missing initial condition at the initial point of the interval is assumed by user, and the dierential equation is solved numerically as an initial value problem to the terminal point.
The accuracy of the assumed missing initial condition is then checked by comparing the calculated value of the dependent variable at the terminal point with its given value there. If a signicant dierence exists, then another value of the missing initial condition must be assumed and the process is repeated. This process is continued until the reasonable agreement between the calculated and the given condition at the terminal point is obtained within the specied degree of accuracy. For this type of iterative process, one naturally needs to a systematic way of nding each succeeding (assumed) value of the missing initial condition.
In this method the asymptotic boundary condition (6) is replaced by the condition that y(x) = 0 to a sucient degree of accuracy at x = x ∞ , where x ∞ is the value of the independent variable at the edge of the boundary layer. The boundary-value problem is equivalent to the problem of nding a value of y ′ (0) for which the boundary condition at the edge of the boundary layer is satised. With the notation z = y ′ (0). It is observed that a small change ∆z in z changes value of y by the amount ∂y ∂z ∆z, so, the necessary correction to the rst approximation comes from the solution of the following linear equation:
at x = x ∞ . The solution of (14) for ∆z can be obtained if we can evaluate ∂y ∂z at x ∞ . So, we must use dierentiation of (5). With notation
and taking dierentiation of (5) with respect to z, we have
with initial conditions
Given an arbitrary initial estimation of z = y ′ (0), subsequent values of z can be computed by integrating Eqs. (5) and (15) and applying the NewtonRaphson method to obtain the corrections. For this reason, we need to the value of x ∞ for getting the integration. After this, we show the tentative values of x ∞ by x stop . We can start our process by a small value for x stop , and in each iteration try to nd ∆z and modify x stop . For this, we use from the boundary condition (6) at innity and its derivative. That is, ∆z should be chosen so that both equations Let E min is the minimum of E with respect to z. Now, in next step we want to decrease the value of E min . At rst, we start with a small value for x stop , say x stop = 1. A step size of ∆x = 0.01 was selected to be satisfactory for a convergence criterion of 10 −8 in all cases (as last subsection). The value of x stop was found to each iteration loop by the statement x stop = x stop + ∆x.
The maximum value of x stop to each value of α determined when the value of ∆z (the variation of the unknown boundary conditions at x = 0) does not change to successful loop with error less than 10 −8 . See Residual error of (5) for α = 0.5. 
Concluding remarks
In this paper, two mentioned powerful and ecient methods are implicit nite-dierence Keller-box method and shooting method to solve dierential equation of gas ow through a micro-nano porous media. This model is quite valuable in order to its importance in investigating gassolid processes. By comparison to other previous researcher's numerical solutions, the obtained results in these two methods have provided acceptable approach for nonlinear unsteady gas equation. Consequently we determine the accurate initial slope y ′ (0) ≈ − 1.191791 for α = 0.5 with good capturing the essential behavior of y(x).
